To study the impact of breathing motion on proton breast treatment plans using scanned proton beams.
Results:
Breathing motion led to a degradation of the dose coverage of the target (heterogeneity index increased from about 6% to 8-11%). Exhalation tended to decrease the lung burden (average dose 3.1-4.2 GyRBE), while inhalation increased it (average dose 4.7-5.8 GyRBE). The absolute values depended on the field arrangement, but the trend was similar across the plans considered. Smaller differences in dosimetric parameters were seen for the heart (average dose 0.1-0.2 GyRBE) and the left anterior descending artery (2.0-4.0 GyRBE). The absolute values of the dosimetric parameters corresponding to various breathing phases were rather small and their expected clinical impact is therefore quite small. Furthermore, the plans parameters in either breathing phase were generally superior to the corresponding ones that could be achieved with photon plans.
Conclusion:
The results of this study indicated that the differences between the mean dosimetric parameters of the plans corresponding to the two extreme breathing phases are not significantly different, thus suggesting that breathing might have little impact for the chosen beam arrangements in proton scanned beam planning for breast cancer. Further investigations are needed to investigate the impact of interplay effects and whether the conclusions might be extended beyond the population considered in this study. Purpose or Objective: In SBRT of lung lesions, respiratory motion is commonly considered by 4DCT imaging to define the internal target volume (ITV). Dose optimization is often performed on average CT using VMAT-based treatment techniques. However, average CT data ignores individual respiratory motion patterns during dose delivery and thus fluctuations in density distribution in the ITV. Additionally, interaction of MLC dose modulation and variable target motion might result in under-dosage of the target volume (interplay effect). This study analyses the efficiency of flattening filter free dose delivery and its impact on interplay effects in lung SBRT.
EP-1763 Experimental analysis of interplay effects in flattening
Material and Methods: SBRT treatment plans were created for a lung tumor phantom using VMAT techniques employing the flattening filter (FF) and flattening filter free (FFF) mode (600MU and 1400MU per min). The phantom consists of a high resolution 2D detector array plus solid-water, bone, lung and tumor inserts. It is mounted on a 4D motion platform to simulate regular and irregular tumor motion trajectories extracted from clinical 4DCT data with max peak-to-peak amplitudes of 1.6/2.3cm in SI and 1.2/2.4cm in AP. The ITV includes a 2cm x 2cm lung tumor (CTV) plus 1.8cm safety margin in SI. Changes in dose distributions through interplay effects were investigated by analyzing static reference and dynamic dose measurements in FF and FFF mode at regular and irregular tumor motion using a planning structure-based evaluation method.
Results: VMAT techniques in FF and FFF mode achieved almost identical dose distributions at static measurements (plan comparison). FFF allowed for approximately 40% shorter treatment time. For regular tumor motion (TM), FFF resulted in greater under-and over dosages of approximately 5-10% compared to FF in the CTV (cf. figure 1 for dose differences of dynamic and static measurements). However, corresponding γ-passing maps illustrate the increased interplay effect. Furthermore, FFF generated considerable under-dosages in the CTV in case of irregular TM. γ-passing rates (local γ of 3% / 1mm) decreased from 68% to 62% for regular TM and 41% to 34% for irregular TM within the ITV (cf. figure 1) . Dose area histograms for CTV and ITV complementarily confirm above changes in dose differences and γ-maps.
Conclusion: FFF dose delivery in lung SBRT provides shorter treatment times. However, the risk of interplay effects is increased, in particular for irregular tumor motion. Further
